Objective: The aim of this study was to estimate the incidence of diabetic ketoacidosis and the mortality rate at Benghazi city. methods: A cross-sectional study of the records of all patients admitted with diabetic ketoacidosis to all Benghazi hospitals (governmental and private) between 1st of January and 31st of December 2007. Results: The annual incidence of diabetic ketoacidosis was 41.7 episodes/100,000 populations with a mean age of 33±20.1 years (2-93). Around 52% of all the episodes occurred in males and 2.6% of adult Diabetic ketoacidosis occurred in pregnant females. Type-2 diabetics were responsible for 27.7% of all episodes. The commonest precipitating factor in the whole study group was dose disruption (35%), followed by infection (20%). The most common presenting symptoms were gastrointestinal, whilst 3.5% of the patients were comatose at presentation. The overall mortality was 11.7% and there was no significant difference in mortality between males and females (11% vs. 12.6%; p=0.6); however, type-2 diabetics showed a significantly higher mortality rate (29.3% vs. 4.9%; p=0.000). Conclusion: Diabetic ketoacidosis is a common condition in Libya with a high mortality rate and type-2 diabetics constitute a considerable number of the cases.
Introduction
Di abetic ketoacidosis (DKA) is a frequent cause of morbidity and mortality in type-1 diabetics; however, occasionally it also occurs in type-2 diabetics during severe stress. [1] [2] [3] [4] [5] [6] DKA is the presenting feature of about 30% of Libyan children with type-1 DM, 7 and it contributes to a significant number of adult hospital admissions in Benghazi as it constitutes almost 9% of all the diabetes-related admissions, 8 and 3.2% of all acute admissions to the medical intensive care unit (ICU). 9 However, the annual incidence of DKA in Libyan diabetics is unknown. The overall mortality rate from DKA in Libya ranges from 2 to 10% of all DKA admissions according to different reports. 1, 2, 3, 10 Benghazi is the second largest city in Libya with 670,797 inhabitants according to the 2006 census. The prevalence of diabetes mellitus (DM) in Benghazi is 14.1%, 11 with type-1 DM constituting about 6% of all cases. The average annual incidence of type-1 diabetes among 0-14 year olds in Benghazi is 7.8 per 100,000. 12 There are two governmental general hospitals for adults and one children hospital in Benghazi; these hospitals beside another four small private hospitals treat all patients with acute medical conditions.
The aim of this study is to study the incidence, clinical features and mortality rate of diabetic ketoacidosis in Benghazi city.
methods
A cross sectional study of the records of all patients admitted with DKA to all Benghazi hospitals was carried out between 1 st of January and 31 st of December 2007. Patients were classified as adults or children according to the Libyan health ministry classification, where patients older than 15 years are treated as adults. According to the 2006 survey, 67.6% of the Libyan population is older than 15 years. The following parameters were analyzed: age, gender, nationality, duration of diabetes, duration of symptoms before seeking medical advice, precipitating factors, clinical features, laboratory findings at presentation including; plasma glucose, serum Urea, Creatinine, sodium(Na+), and potassium(K+), urine acetone, arterial blood pH, and bicarbonate (Hco3), duration of hospitalization and the outcome. Patients were classified as having type 1 or type 2 DM based on the diagnosis written in the patients` records. The criteria used to diagnose DKA in the included patients were: Hyperglycemia ≥250 mg/dl, pH<7.3, and/or serum bicarbonate ≤18 mmol/l and the presence of ketonuria (2+ or more). 13 The severity of DKA was defined according to the American diabetes association (ADA) criteria, 13 
Results
During the study period, 280 DKA cases (Table 1) were admitted to the medical wards and intensive care units of different hospitals in Benghazi, giving a yearly incidence of 41.7 episode/100 000 populations/year (50.5 episode/100,000 for adult and 23.4 episode/100,000 for children) or 29.6 episode/10,000 diabetic/ year. Fourteen patients were responsible for 46 episodes (16.4% of all episodes), 8 patients had 2 episodes, 3 patients had 3 episodes, 2 patient had 6 episodes, and one patient had 9 episodes. The frequency of episodes progressively increased starting from the age of 2 years to the age of 35 years, then it sharply declined after the age of 40 years. About 65.5% of the episodes occurred in patients younger than 41 years old (Fig. 1) . The mean age of all cases was 33±20.1 years (2-93). Adult cases were mostly constituted of Libyans (94.3%), while pediatric cases were exclusively Libyan patients. Around 52% of all the episodes occurred in males and 2.6% of adult DKA episodes occurred in pregnant females. Females had a significantly shorter duration of symptoms before seeking medical help; they also had lower blood pressure, faster pulse rates, lower plasma glucose and arterial pH at admission in comparison to males (Table 2) . Type-1 diabetics with DKA had a significantly shorter duration of symptoms, faster pulse rate, lower plasma glucose and serum urea at presentation, while type-2 diabetics had a significantly higher co-morbidity and mortality rates ( Table 3 ). The most common precipitating factor in the whole study group was dose disruption (35%), followed by infection and DKA as the 1 st presentation of DM (20% each), the upper respiratory tract infection was the most commonly encountered infection ( Table 4) . The mean duration of symptoms before presentation was 3.2±3 days with 38.7% of the patients presenting within 24 hrs of onset of symptoms and 73.5% within 3 days. Patients with first presentation had a significantly longer duration of symptoms before being diagnosed (11.7 vs. 2.9; p=0.000), ( Table 5 ). The most common Differences between groups were tested statistically using the Chi squared test and independent-samples t-test. Differences were considered statistically significant when the p-value was less than 0.05. symptoms were polyuria, polydipsia, weakness and fatigue (100% each), followed by vomiting (54.6%), abdominal pain without vomiting (7.5%), headache and dizziness (4.5%), hematemesis (1.8%) and convulsion (1.7%); whilst 3.5% of the patients were comatose at presentation and they were all adult patients. Vomiting and headache were significantly more frequent among children than among adults (72.5% vs. 50.6%; p=0.004) and (11.7% vs. 3%; p=0.008) respectively. About 54.2% of all the episodes were managed in the general medical ward. However, 75.5% of severe cases were managed at ICU as compared to 37.9% and 40.7% of mild and moderate cases, respectively (p=0.000). The mean duration of hospitalization were 5.41±4.2 days resulting in a total of 1515 admission days during the year. About 35.5% of the patients were discharged within 3 days of admission and 20% of the patients stayed for longer than 7 days. Patients with severe episodes were admitted for slightly longer periods than non-severe cases (6.8±5.5 vs. 5.6±5.4; p=0.17). Also patients who were managed at ICU stayed significantly longer than patients who were managed in wards (6.7±7 vs. 4.8±2.7; p=0.004).
The overall mortality was 11.7%, which was exclusively in adults (Table 1) . Type-2 diabetics showed a significantly higher mortality rate (29.3% vs. 4.9%; p=0.000). Also, known diabetics had a significantly higher mortality than new cases (13.8% vs. 3.5%; p=0.03). Severe cases had a 23.8% mortality rate while moderate cases had a 14.3% mortality rate and mild cases had 13%. The patients who died were significantly older (59±18.8 vs. 29.7±17.8; p=0.000) with longer duration of diabetes (9.5±8.8 vs. 5.4±4.6; p=0.004) and higher rate of co-morbidities (66.6% vs. 13%; p=0.000) and they had significantly faster respiratory rates (38±6.5 vs. 29±9; p=0.000), lower systolic and diastolic blood pressure (102±49 vs. 118±22; p=0.004) and (60.5±31 vs. 73±13; p=0.000), respectively, higher urea (69.7±48 vs. 40±29; p=0.000) and lower platelet count (241±129 vs. 304±108; p=0.009) at presentation. While there was no significant difference (p>0.05) between the patients who died survived in terms of symptom duration (3.3±2.4 vs. 4.9±4), mean pulse rate (104±24 vs. 103±17), mean plasma glucose (529±101 vs. 492±109), mean serum sodium (133±7.4 vs. 134±7.4), mean serum potassium (4.7±0.9 vs. 4.6±0.9), mean leukocyte count (15.5±7.6 vs. 13.5±7) and mean blood pH (7±0.15, 7.1±0.13) at presentation.
Discussion
The incidence rate of 41.7 episodes /100,000 populations /year is three times higher than the 12.9 reported from Denmark. 15 This does not necessarily means a higher rate of diabetes in Libya, but perhaps a lesser rate of DKA in Denmark, probably because of better patient education. If we can generalize this incidence rate in Benghazi city to the 532,399, 1 populations in the whole country, we estimate that there were 2167 DKA episodes (1817 adults and 350 children) in Libya during the year 2007. Most of the episodes were due to type-1 DM, while around 27.7% were due to type-2, which is much higher than the 15% previously reported by Roaeid between 1997 and 1999, 1 and also more than 11.6% reported by El-sharief from Tripoli Medical Center (TMC). 2 The mean age of all patients was 33 years, which is higher than what was previously reported from Benghazi (28.9 to 29.2 yrs). 1, 3 However patients with type-2 DM were significantly older than patients with type-1 (59.5 and 22.8 years respectively [p-value: <0.001]) and this is likely due to type-2 DM usually developing in adults older than 40 years while type-1 DM tends to starts among much younger age groups.
The approximately equal male to female ratio contrasts with what has been previously demonstrated in Benghazi where a female preponderance was observed. 1, 3 Sex ratio among Libyan patients in this study was nearly equal (male: female ration = 1:0.98), while non-Libyans showed male dominance (males: females ratio 2.25:1), which is similar to the previously reported figures from Tripoli 2 , This male preponderance among non Libyans with DKA is possibly because most of non-Libyan citizens are young male workers.
Unlike developed countries where infection is the most common precipitating factor for DKA, 16 insulin disruption was the major precipitating factor for DKA in the studied patients (35%); which is similar to what was reported by El-sharief from TMC (36.7%), 2 and less than 54.4% reported from Saudi Arabia. 17 However, it is worth mentioning that the rate of DKA due to treatment disruption showed a significant reduction in Benghazi from nearly 64% between the years 1997 and 1999, 1 to 35% in the current study (2007); this reflects an improvement in patients compliance and education. Infection ranked the second in adults and the third in children as a precipitating factor; this is probably because patients fail to realize that they need to increase their insulin dosage during sick days, which again highlights the importance of patient education. In our opinion more than half of all DKA episodes in this study (due to insulin omission and infection) were potentially preventable episodes with good patient education and proper outpatient management. Fatigue, polyuria, abdominal pain and vomiting appeared to be the most common presenting symptoms in our study, which is similar to other national, and regional reports. 2, 3, 18 Only 3.5% of all patients were in a coma at presentation as compared to 25% reported from Nairobi, 19 this is possibly because the condition is tends to be more severe among blacks and may be because of the easy availability of immediate free healthcare services in Libya which could contribute to earlier presentation, hence less severe clinical features. The mean duration of symptoms before presentation to the hospital was 3.3±3 days with about one-third of the patients presented within the same day as the onset of symptoms and two-thirds within 72 hours; this relatively early presentation to outpatient department probably contributes to the low rate of serious clinical features at presentation like convulsion and coma. However, one-third of the patients presented later than 3 days after the onset of symptoms, which is a quite a long period and puts the patient at risk of more severe DKA and more serious complications. We believe that proper patient education will play an important role in early presentation. The duration was longer in patients who were not known diabetics before presentation (11.7 vs. 2.9 days; p=0.000), possibly because they did not quickly realize what was going on.
Moreover, about half of all the episodes were managed in the general medical word, while nearly three-forth of the severe cases were managed at ICU. The place where patient management takes place may have an effect on the mortality rate, the rate of complication and the cost of management. The mean duration of hospitalization was 5.4±4.2 days although some patients (20%) were hospitalized for more than one week for treatment of the precipitating factors and/or complications or for social reasons. This is similar to the average length of staying given by other national reports.
1,2 However, this is longer than the USA average length of stay for DKA which is 3.6 days, 20 and longer than the duration reported from southern Jordan where the average length of staying was 3.4 days. 21 Moreover, patients who were managed at ICU stayed significantly longer than those managed in general medical wards this longer hospitalization results in higher cost and an increased risk of hospital acquired infections.
The morality rate was considerably high in this study (11.7%) and this is similar to that reported from Tripoli (9.4%), 2 and Benghazi (10%), 3 but it is much higher than what has previously been reported by Roaeid from the same city (3.8%) between 1997 and 1999. 1 Mortality was also worse than the figures from Saudi Arabia, 17 and Jordan, 21 where the mortality rates were 2.9%, and 4.8%, respectively. The reason behind this high mortality rate is not clear and needs to be explored further in future studies. The patients who died had significantly longer duration of DM (9.5 vs. 5.4; p=0.004), which may indicate that they were more likely to suffer from the chronic complications of diabetes and this naturally will increase the risk of death, particularly given that they were significantly older (59 vs. 29.7; p=0.000), and with more comorbidity (66.6% vs. 13%; p=0.000). The patients who died also had a significantly higher rate of co-morbidities and had significantly faster respiratory rate, lower blood pressure, higher urea and lower platelet count at presentation, which could possibly mean that these factors are either markers or risk factors for increased mortality, and thus patients with such clinical and biochemical abnormalities should be treated cautiously. Children with DKA exhibited no mortality at all, not merely because the children were significantly younger with less frequent co-morbidities (2% vs. 23%; p=0.001) and shorter duration of DM (2.2 vs. 6.8 years; p=0.000), but also this may reflect a better standard of DKA managements in the pediatric hospital compared to the adult hospitals. For example, nearly 90% of children with DKA in this study were managed at ICU, while only 36% of adults were managed at ICU.
DKA is more fatal when it occurs in patients with type-2 DM (29.3%) in comparison to patients with type-1 DM (4.9%), this is probably because type-2 DM patients are significantly much older (59.5 vs. 22.8; p=0.000) and more likely to have significant comorbidities (46% vs. 9%; p=0.000).
Since this is a retrospective analysis, we depended mainly on what is written in the hospital records, which can sometimes lack full descriptions and the exact details of specific aspects of the patients' symptoms, and the exact duration of each symptom. Also, the details of residence of a few patients were missing in the records, thus we cannot be 100% sure that they were really living in Benghazi. Similarly, there might be some diabetic patients from Benghazi who developed DKA but was treated some where else, outside Benghazi, and thus they were not included in this study.
In addition, we acknowledge that one of the limitations in this study is the lack of multivariate analysis of confounding variables, particularly those affecting the DKA mortality. However, despite of these limitations, we think that this study was able to elicit important epidemiological information about this condition in Libya, perhaps most notable of which is its high incidence and high mortality.
Conclusion
DKA is a common and costly condition in Libya with a high mortality rate. A considerable number of DKA episodes are potentially preventable with good patient education. The mortality rate for DKA is quite high in Libya and this endorses the importance of high standards of management, as well as using a standardized formal treatment protocols. Older age, co-morbidities and longer duration of diabetes are associated with increased risk of mortality; therefore, such patients should receive extra attention during management.
